Abstract -In fully developed turbulence, the velocity field possesses long-range correlations, de-10 noted by a scaling power spectrum or structure functions. Here we consider the autocorrelation Introduction. -Turbulence is characterized by power law of the velocity spectrum [1] 
Introduction. -Turbulence is characterized by power law of the velocity spectrum [1] 25 and structure functions in the inertial range [2, 3] . This is associated to long-range power-law 26 correlations for the dissipation or absolute value of the velocity increment. Here we consider 27 the autocorrelation of velocity increments (without absolute value), inspired by a remark 28 found in Anselmet et al. (1984) [4] . In this reference, it is found that the location of the Experimental analysis of the autocorrelation function of velocity increments.
38
-We consider here a turbulence velocity time series obtained from an experimental homo- these measurements. This data demonstrates an inertial range over two decades [5] , see fig. 1 , where β ≃ 1.63 and β ≃ 1.62 for streamwise
50
(longitudinal) and spanwise (transverse) velocity respectively. We show the autocorrelation 51 function Γ ℓ (τ ) directly estimated from these data in fig. 2 . Graphically, the location τ o of 52 the minimum value of each curve is very close to ℓ, which confirms Anselmet's observation [4]. Let us define
and τ o the location of the minimum value
We show the estimated τ o (ℓ) on the range 2 < ℓ/T s < 40000 in fig. 3 we represent u(t) in Fourier space, which is written as
where F means Fourier transform and f is the frequency. Thus, the Fourier transform of where ∆u ℓ (t) = u(t + ℓ) − u(t). Hence, the 1D power spectral density function of velocity
where E v (f ) = 2|Û (f )| 2 is the velocity power spectrum [3] . It is clear that the velocity 66 increment operator acts a kind of filter, where the frequencies f ∆ = n/ℓ, n = 0, 1, 2 · · · , are 67 filtered.
68
Let us consider now the autocorrelation function of the increment. The Wiener-Khinchin 69 theorem relates the autocorrelation function to the power spectral density via the Fourier
The theorem can be applied to wide-sense-stationary random processes, signals whose
72
Fourier transforms may not exist, using the definition of autocorrelation function in terms 73 of expected value rather than an infinite integral [6] . Substituting eq. (7) into the above 74 equation, and assuming a power law for the spectrum (a hypothesis of similarity)
we obtain The convergence condition requires 0 < β < 3. It implies a rescaled relation, using scaling 77 transformation inside the integral. This can be estimated by taking
If we take ℓ = 1 and replace λ by ℓ, we then have
Thus, we have a universal autocorrelation function
This rescaled universal autocorrelation function is shown as inset in fig. 2 . A derivative of 
Showing that τ o (ℓ) is proportional to ℓ in the scaling range (when ℓ belongs to the inertial 86 range). With the definition of Γ o (ℓ) = Γ ℓ (τ o (ℓ)) we have, also using eq. (11), for τ = τ o (λℓ): 
We now consider the location τ o (1) of the autocorrelation function for ℓ = 1. We take 89 the first derivative of eq. (10), written for ℓ = 1
where we left out the constant in the integral. The same rescaling calculation leads to the 91 following expression
where M = It is easy to show that
It means that P(τ ) changes its sign from negative to positive when τ is increasing from 97 τ < 1 to τ > 1. In other words the autocorrelation function will take its minimum value at autocorrelation function is exactly equal to 1 when 0 < β < 2.
106
For the fBm, the autocorrelation function of the increments is known to be the following
where τ ≥ 0. We compare the autocorrelation (coefficient) function estimated from fBm sim- function can be used to determine the inertial range. Indeed, as we show later, it seems to 128 be a better inertial range indicator than structure function.
129
Discussion. -We define a cumulative function
where 10 100 1000 10000 0.5 0.6 0.7 0.8 function is influenced more by the large scale than by the small scale.
150
We now consider the inertial range provided by different methods. We replot the cor- by the Hilbert methodology is slightly different from the Fourier spectrum. This may come 160 from the fact that the former methodology has a very local ability both in physical and 161 spectral domain [11, 12] , thus the large scale effect should be constrained. However, the
162
Fourier analysis requires the stationary of the data, which is obviously not satisfied by the 163 turbulence data. The result we present here can also be linked with intermittency property 164 of turbulence: we will present this in future work.
165
Conclusion. -In this work, we considered the autocorrelation function of the velocity shown that the autocorrelation function is influenced more by the large scale part. Finally 175 we argue that the autocorrelation function is a better indicator of the inertial range than 176 second order structure function. These results have been illustrated using fully developed 177 turbulence data; however, they are of more general validity since we only assumed that the 178 considered time series is stationary and possesses scaling statistics.
